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(57) ABSTRACT 
A device for controlling drag on a ground vehicle. The 
device consists of a porous skin or skins mounted on the 
trailing surface and/or aft portions of the ground vehicle. 
The porous skin is separated from the vehicle surface by a 
distance of at least the thickness of the porous skin. 
Alternately, the trailing surface, sides, and/or top surfaces of 
the ground vehicle may be porous. The device minimizes the 
strength of the separation in the base and wake regions of the 
ground vehicle, thus reducing drag. 
24 Claims, 8 Drawing Sheets 
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BASE PASSIVE POROSITY FOR VEHICLE 
DRAG REDUCTION 
ORIGIN OF THE INVENTION 
Alternatively, the typical existing trailing surface of the 
ground vehicle may itself be porous. Again the surface 
porosity can be between about 10 and 20 percent. The 
porosity may be caused by perforating the ground vehicle's 
5 existing trailing surface, and, depending on the thickness of 
the trailing surface, the maximum dimension of the perfo- 
rations can vary, but it is preferably about 0.125 inch (0.3175 
cm) for a trailing surface with a thickness of 0.25 inch (0.635 
cm) or more. This perforating could possibly be done either 
during manufacture of the door or panel, or added later to a 
vehicle that has already been manufactured. For example, 
the vehicle's existing trailing surface can be the exterior 
The invention described herein was made by employees 
ofthe United States Government and may be used by and for 
the Government for governmental Purposes without the 
payment of any royalties thereon or therefor. 
10 CROSS-REFERENCE TO RELATED 
APPLICATIONS 
surface of a rear door or doors, or it may be a full rear 
This is to Pat. No. 6228628922 surface, (e.g., a non-openable rear panel) on the vehicle. It 
is within the scoue of the uresent invention that virtually any which issued on Sep. 11, 2001. 
variety of rear "door" (overhead, side by side, etc.) might be 
utilized, so long as an interior panel or surface is available 
to form a plenum between the outer and inner surfaces, to 
thus Permit air flow therebetween. 
Similarly, in another possible embodiment of the present 
invention, rather than attaching a porous surface to the sides 
2. Description of the Related Art or top of a vehicle, alternatively, a portion of the existing 
Previous devices for controlling drag on ground vehicles exterior surface of the vehicle body itself may be porous, for example, the normal exterior side and/or top surfaces of a have involved active devices that attempted to inhibit sepa- 
ration on the base, or aft portion, to create a predetermined 2s be perforated' The perforating Of the Outer trailer surface can, for example, either be done during the best situation. These devices consist of flaps, turning vanes, original manufacture of the vehicle, or perforations could vortex generators, and a wide range of suction and blowing potentially be added after manufacture. Additionally, if the concepts which add considerable weight to the overall exterior surface of a trailer is perforated, then an inner vehicle weight and increase fuel consumption. non-perforated surface (or surfaces) should be positioned 
This internal surface can be separated from the side or top control drag on ground vehicles. 
surfaces of the ground vehicle by a distance equal to at least 
foregoing objects with a passive device. the thickness of the porous skin (with a minimum of about 
0.25 inch) to form a plenum between the porous and 
foregoing objects with minimal spatial and mass require- 35 non-porous surfaces. In at least one embodiment, the per- 
ments. forations can extend a substantial distance from the trailing 
surface of the vehicle along the side(s) and/or top, for 
plish the foregoing objects in a simple manner. example, between about 5 and 10 percent of the total length 
of the trailer can be perforated, and the porosity can be 
between about 10 to 20 percent of the perforated surface tion are apparent from the drawings and specification that area. follow. 
BRIEF DESCRIPTION OF THE DRAWINGS 
BACKGROUND OF THE INVENTION 
1. Field of Invention 
The present invention relates generally to controlling drag 
on ground vehicles and, more particularly, to the passive 
control of drag on ground vehicles using porosity. 20 . 
It is an Object Of the present invention to 30 substantially parallel to the porous outer surface or skin, 
It is another object of the present invention to achieve the 
It is a further object of the present invention to achieve the 
It is yet another object of the present invention to accom- 
Additional objects and advantages of the present inven- 40 
FIG. 1 shows the rear portion of a vehicle with a porous 
FIGS, 1~ and 1~ are side and top views showing a porous 
skin mounted on the trailing surface, sides, and top of a 
ground vehicle; 
BRIEF SUMMARY OF THE INVENTION 
According to the present invention, the foregoing and 45 skin mounted on the trailing surface and side thereof; 
additional objects are obtained by providing a drag reduction 
device for use on a ground vehicle. This device can consist 
of a porous outer skin having a thickness between about %6 
inch (0.16 Cm> and inch (2.54 Cm>, preferably between %6 
inch (0.16 Cm> and ' inch (0.635 Cm>, which is Offset from FIG, 2Ais a cross sectional view across line 11-11 of FIG, 1Afor a ground vehicle having a porous skin separated from 
the trailing surface and affixed to the trailing surface of the 
ground vehicle (e.g., the outer surface of the doors). The 
porous outer skin is separated from the trailing surface of the 
ground vehicle by a distance equal to at least the thickness 
thereby forming a plenum therebetween. The surface poros- 
percent, ne porous outer &in may be fabricated from a 
porous material or by creating a number of perforations in a 
solid material. Additionally, it is also within the scope of the 60 
present invention tat a porous outer skin also be attached to 
one or more of the normal exterior sides and/or top surfaces 
of the trailer. If the perforation method is used, the maximum 
dimension of the perforations can be about 0.25 inch (0.635 
cm) on the sides and top of the ground vehicle and about 65 
0.50 inch (1.270 cm) on the trailing surface of the ground 
vehicle. 
the trailing surface; 
1 A  for a ground vehicle having a porous trailing surface; 
FIG. 2B is a cross sectional view across line 11-11 of FIG. 
of the porous skin (e,g,, 0.25 inch [0,635 cm]or more), 5s is a perspective view Of the end Of a ground 
ity of the porous outer skin can be between about 10 and 20 FIGS. 4Aand 4B are side and top views showing the wake 
formed on a ground vehicle without a porous skin mounted 
On the 
FIG. 5 is a graph showing drag characteristics of a ground 
vehicle having a Porous skin and drag characteristics of a 
ground vehicle without a Porous skin; 
FIG. 6 is a cross-section of an aft portion of a tractor- 
trailer as described above in reference to FIG. 1;  
FIGS. 6A and 68 shows an enhanced top view of airflow 
through a cross-section of a side and rear portion of the 
vehicle shown in FIG. 6; 
surface Of a ground 
US 6,616,218 B2 
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FIG. 7 shows another embodiment of the present inven- 
tion wherein the existing exterior surfaces of the vehicle are 
perforated; and 
view Of air flow 
sides of the trailer (with portions 24). The trailing surface 
also has attached thereto an offset porous skin portion 26. 
FIGS. 4A and 4B show a ground vehicle without a porous 
skin attached. The wake 18 is chaotic (i.e., asymmetric), 
lB ,  which is symmetric, smaller and weaker. 
DETAILED DESCRIPTION The present invention allows the flow over the ground 
FIG, 1 shows the rear portion of a vehicle with a porous vehicle 12 to turn around the corners at the base of the 
skin mounted on the trailing surface and side thereof, T~~ vehicle reducing the strength of the separation in the wake 
rear portions 102 of porous &in are each attached to a lo 18 of the vehicle. This allows the wake 18 to be shorter, and 
corresponding trailing surface of a door located at the rear of more symmetric, and rea t tdment  of the flow in the wake 
a trailer. Side portions 103 of porous skin are attached to 18 Occurs sooner, reducing drag. This Phenomenon Occurs at 
each side of the trailer, and extend from the trailing surfaces all speeds, with reductions in drag of 20 Percent Or more 
toward the front of the trailer at least 5 percent of the length 1s shown in wind tunnel tests. 
of the trailer and at most 10 percent of the length of the FIG. 5 shows a comparison between (lower curve) the 
trailer (one side not shown). drag characteristics of a tractor-trailer with a short cab, and 
FIGS. 1A and 1B show a ground vehicle 12. A trailing with a porous skin mounted on the trailing surface, sides, 
surface 16 (see FIG. 2A) of the ground vehicle 12 can be and top of the trailer, such that the Porous skin extends along 
covered with a porous skin 14, consisting of portions 22,24, 2o the sides and top a distance of about 10 Percent of the total 
and 26 portion 24 further consisting of right and left corn- length of the trailer forward of the trailing surface, and 
ponents 24R and 24L). The porous skin 14 also extends (upper curve)a tractor-trailer with a short cab with no porous 
along the top 22a and side surfaces (24a, 24b) of the skins. The graph Plots the coefficient of drag (CD) versus the 
depicted trailer 12. The thickness of the porous outer skin 14 velocity (mPh). As can be seen, the coefficient of drag is 
can be between about x6 inch (0.16 Cm) and 1 inch (2.54 2s consistently lower for the vehicle with the porous skin. 
cm), preferably between %6 inch (0.16 cm) and ?h inch (0.635 FIG. 6 shows a cross-section of the aft or base portion of 
cm) and should be chosen based on structural requirements a tractortrailer, such that the porous surface 204 is mounted 
of the ground vehicle. The porosity of the porous skin 14 can on the trailing surface 216 of the trailer, with a portion 203 
be between about 10 and 30 percent. The porous skin 14 may thereof extending a distance X, along the side 224 of the 
be made from a porous material, such as sintered metal, or 3o vehicle. This distance X should preferably be no less than 
from a solid material, such as steel or fiberglass that has been about 5 percent and no more than about 10 percent of the 
perforated, however, the maximum dimension of the perfo- total length of the trailer forward of the trailing surface. A 
rations should be no more than about 0.125 inch (0.3175 cm) contiguous enclosure, or plenum, 220 is formed between the 
with a skin thickness to hole ratio of about 3 [e.g., hole porous surface sections 203,204 and the solid side panel 224 
diameter of 0.125 inch would require a skin thickness of 3s and trailing edge or surface 216. This trailing edge 216 can 
0.375 inch ] on the sides 24 and top 22 portions of the be part of a rear door or back panel of the trailer 202, or 
ground vehicle. The maximum dimension of the perfora- potentially could consist of a separate additional structure. 
tions should be no more than about 0.50 inch (1.27 cm) on FIGS. 6A and 6B show an enhanced top view of airflow 
the portion 26 of the trailing surface 16 of the ground vehicle through a cross-section of a side and rear portion of the 
(as shown in FIG. 3) in order to minimize the disturbance of 4o vehicle shown in FIG. 6. FIG. 6A shows how, due to a 
the external flow field. pressure differential between the side and rear of the trailer, 
FIG. 2A shows a porous skin 14 mounted on the trailing air is pulled through the porous surface or skin 203 on the 
surface 16 and side 24a of the ground vehicle, as described side of the truck and into the plenum 220. This air can then 
above, and forming a plenum 20 contained by the porous travel through the plenum 220 and exit out the perforated 
skin 14, trailing surface 16, and the sides 24a, and 24b. The 45 surface 204 which extends across the trailing surface 216 of 
porous skin 14 must be mounted over the plenum 20 such the trailer, as shown in FIG. 6B. As stated above, this allows 
that there is minimal blockage in all directions. The depth of the airflow over the ground vehicle to turn around the 
plenum 20 on the trailing surface and sides or top, should be comers at the rear of the vehicle, thereby reducing the 
no less than about the thickness of the porous skin 14, but strength of the separation in the wake 18 of the vehicle. This 
no less than about 0.25 inch (0.635 cm). 50 allows the wake 18 to be shorter, more symmetric and 
An alternate embodiment of the present invention is to reattachment of the flow in the wake 18 occurs sooner, 
adapt the existing trailing edge 16 of the ground vehicle 12 reducing drag. 
by, for example, perforating the outer surface of the rear FIG. 7 shows another embodiment of the present inven- 
doors of the ground vehicle as shown in FIG. 2B. Aplenum tion wherein an existing exterior surface, or surfaces, of the 
20 could then be formed between the extreme perforated ss vehicle are perforated. That is to say, either the standard 
outer surface 26 of the doors and an inner non-perforated existing sides 324 and/or top (not shown) of the vehicle 
surface 17. The surface porosity should be between about 10 could be perforated. In at least one embodiment an addi- 
7A and 7B show an enhanced 
through a cross-section Of a side and rear portion Of the 5 larger and stronger than the wake 18 shown on FIGS. 1Aand 
vehicle shown in FIG. 7. 
and 30 percent and the size of the perforations depends on 
the thickness of the door’s trailing surface 16. For doors 
having a trailing surface thickness of 
more, the maximum dimension of the perforations is about 
0.25 inch (0.635 cm). Additionally, any stiffening or insu- 
lating structures found within the rear door or panel must 
also be sufficiently porous or vented s~ as to allow airflow 
between the outer perforated skin and the inner surface. 
FIG. 3 is similar to FIG. 1. wherein a porous skin 14 
covers both the top of the trailer (with portion 22) and the 
tional inner surface or sleeve, or sleeves, 310 can be inserted 
in the interior of the vehicle, preferably substantially parallel 
inch (1.27 cm) or 60 to the outer exterior surface of the vehicle, in this case a 
trailer, to form a plenum 320 between the perforated outer 
surface(s) and the inner sleeve(s) 310. This perforation and 
additional sleeve(s) can be added either as original equip- 
ment during the manufacture of the truck, or could poten- 
65 tially be added later to a standard vehicle. This internal 
surface(s) can be separated from the exterior surface(s) of 
the ground vehicle by a distance equal to at least the 
US 6,616,218 B2 
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thickness of the porous skin. Additionally, stiffening and/or 
attachment devices, such as vertical stanchions 330, can be 
located between the outer perforated panel and the sleeve; 
however, these devices must be themselves suitably perfo- 
rated or vented such as not to significantly block the airflow 
through the plenum. In at least one embodiment, the perfo- 
rations can extend a substantial distance from the trailing 
surface of the vehicle along the side(s) and/or top, for 
example, between about 5 and 10 percent of the total length 
of the trailer can be perforated (although other distances are 
possible). The maximum dimension of the perforations 
should be no more than about 0.25 inch (0.635 cm) on the 
sides 24 and/or top 22 of the ground vehicle. 
It is within the scope of the present invention that this 
possible feature, wherein the existing exterior top and/or 
side surfaces of a vehicle are perforated, can be used in 
combination with a similarly perforated existing trailing 
surface of a vehicle, or with the addition of a perforated skin 
onto the trailing surface of the vehicle (these, and other 
potential trailing surface embodiments which can be utilized 
with this feature, were described in more detail 
hereinabove). FIG. 7 depicts a perforated typical existing 
trailing surface, such as the outer panel of a rear door, 
wherein the inner panel 350 of the same door (or rear trailer 
panel) remains solid to form a plenum with the now perfo- 
rated outer surface (in another embodiment it would also be 
possible to add an additional internal panel within the door). 
Further, for the shown embodiment in FIG. 7 to operate 
optimally, the plenums formed on the sides and/or tops of 
the trailer, must be in substantially unobstructed communi- 
cation with the plenum formed with the trailing surface, in 
order to permit airflow therebetween. Additionally, a seal 
340 can be positioned to enable this substantially unob- 
structed communication between the plenums to exist when 
the trailer door(s) are closed (and thereby also allowing the 
door(s) to be opened). 
Similar to FIGS. 6A and 6B, FIGS. 7A and 7B show an 
enhanced top view of airflow through a cross-section of a 
side and rear portion of the vehicle shown in FIG. 7. FIG. 7A 
shows how, due to a pressure differential between the side 
and rear of the trailer, air is pulled through the porous side 
portions 324 on the side of the truck and into the plenum 
320. This air can then travel through the plenum 320, around 
the hinge 360, and then exit out the rear perforated portion 
316. As stated above, this allows the airflow over the ground 
vehicle to turn around the comers at the rear of the vehicle, 
thereby reducing the strength of the separation in the wake 
of the vehicle. This allows the wake to be shorter, more 
symmetric and reattachment of the flow in the wake occurs 
sooner, reducing drag. 
It should be noted that the inventions as described in the 
embodiments above, are not limited to the depicted 
applications, namely, to the aft portion of a truck or trailer, 
but can be used with a variety of vehicles such as the back 
of a panel truck (such as a standard mail or UPS truck). 
Many other improvements, modifications, and additions will 
be apparent to the skilled artisan without departing from the 
spirit and scope of the present invention as described herein 
and defined in the following claims. 
What is claimed is: 
1. A drag reduction device for use on a ground vehicle, 
a porous outer surface attached to the aft portion of a 
a substantially solid inner surface; 
said porous outer surface comprising a first portion and at 
comprising: 
ground vehicle; 
least one second portion: 
6 
said first portion being attached to a trailing surface of the 
ground vehicle; 
said at least one second portion being attached to at least 
one side of said ground vehicle; and 
said porous outer surface and said substantially solid inner 
surfaces being separated from and substantially parallel 
to one another to form a space therebetween, such that 
the porous outer surface acts as a means for permitting 
the entrance and exit of air into and out of said space, 
whereby the asymmetric character of the external trail- 
ing wake flow field of the ground vehicle is changed to 
a substantially steady and laterally symmetric trailing 
wake flow field. 
2. The drag reduction device according to claim 1, 
wherein the porous outer surface has a thickness between 
about ?&inch (0.16 cm) and 1 inch (2.54 cm). 
3. The drag reduction device according to claim 1, 
wherein the porous outer surface has a surface porosity 
between about 10 and 20 percent. 
4. The drag reduction device according to claim 1, 
2o wherein the space formed between said porous outer surface 
and said substantially solid inner surfaces has a width equal 
to at least the thickness of said porous outer surface. 
5 .  The drag reduction device according to claim 1, 
wherein said first portion comprises perforations having a 
6. The drag reduction device according to claim 1, 
wherein said at least one second portion comprises perfo- 
rations having a maximum dimension of about 0.25 inch. 
7. A drag reduction device for a ground vehicle, compris- 
a porous outer surface on the aft portion of a ground 
a substantially solid inner surface; 
said porous outer surface comprising a first portion and at 
least one second portion; 
said first portion forming a trailing surface of the around 
vehicle; 
said at least one second portion forming at least a portion 
of at least one side of said ground vehicle: and 
said porous outer surface and said substantially solid inner 
surfaces being separated from and substantially parallel 
to one another to form a plenum therebetween, such 
that the porous outer surface acts as a means for 
permitting the entrance and exit of air into and out of 
said plenum, whereby the asymmetric character of the 
external trailing wake flow field of the ground vehicle 
is altered such that drag is reduced. 
8. The drag reduction device according to claim 7, 
SO wherein the porous outer surface has a thickness between 
about ?&inch (0.16 cm) and 1 inch (2.54 cm). 
9. The drag reduction device according to claim 7, 
wherein the porous outer surface has a surface porosity 
between about 10 and 20 percent. 
10. The drag reduction device according to claim 7, 
wherein the plenum formed between said porous outer 
surface and said substantially solid inner surfaces has a 
width equal to at least the thickness of said porous outer 
surface. 
11. The drag reduction device according to claim 7, 
wherein said first portion comprises perforations having a 
maximum dimension of about 0.5 inch. 
12. The drag reduction device according to claim 7, 
wherein said at least one second portion comprises perfo- 
13. A method for reducing drag of a ground vehicle 
s 
2s maximum dimension of about 0.5 inch. 
30 ing: 
vehicle; 
3s 
40 
4s 
ss 
60 
65 rations having a maximum dimension of about 0.25 inch. 
comprising the steps of  
US 6,616,218 B2 
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attaching a porous outer surface to the aft portion of a 
ground vehicle; 
said porous outer surface comprising a first portion and 
said first portion being attached to a trailing surface of s 
said at least one second portion being attached to at 
aligning said porous outer surface with a corresponding 
positioning said porous outer surface and said correspond- 
ing substantially solid inner surfaces separated from 
and substantially parallel to one another to form a space 
therebetween, such that the porous outer surface acts as 
a means for permitting the entrance and exit of air into 
and out of said space, whereby the asymmetric char- 
acter of the external trailing wake flow field of the 
ground vehicle is changed to a substantially steady and 
laterally symmetric trailing wake flow field. 
14. The drag reduction method according to claim 13, 2o 
at least one second portion; 
the ground vehicle, and 
least one side of said ground vehicle; 
substantially solid inner surface; and 10 
8 
perforating the outer surface of the aft portion of a ground 
vehicle to produce a porous outer surface; 
said porous outer surface comprising a first portion and 
at least one second portion; 
said first potion forming a trailing surface of the ground 
vehicle, and 
said at least one second portion forming at least a 
portion of at least one side of said ground vehicle; 
aligning said porous outer surface with a corresponding 
substantially solid inner surface; and 
positioning said porous outer surface and said correspond- 
ing substantially solid inner surfaces separated from 
and substantially parallel to one another to form a space 
therebetween, such that the porous outer surface acts as 
a means for permitting the entrance and exit of air into 
and out of said space, whereby the asymmetric char- 
acter of the external trailing wake flow field of the 
ground vehicle is changed to a substantially steady and 
laterally symmetric trailing wake flow field. 
20. The drag reduction method according to claim 19, 
wherein the porous outer surface has a thickness between wherein the porous outer surface has a thickness between 
about ?&inch (0.16 cm) and 1 inch (2.54 cm). about ?&inch (0.16 cm) and 1 inch (2.54 cm). 
15. The drag reduction method according to claim 13, 21. The drag reduction method according to claim 19, 
wherein the porous outer surface has a surface porosity wherein the porous outer surface has a surface porosity 
between about 10 and 20 percent. 
16. The drag reduction method according to claim 13, 22. The drag reduction method according to claim 19, 
wherein the space formed between said porous outer surface wherein the space formed between said porous outer surface 
and said corresponding substantially solid inner surfaces has and said corresponding substantially solid inner surfaces has 
a width equal to at least the thickness of said porous outer a width equal to at least the thickness of said porous outer 
surface. 30 surface. 
17. The drag reduction method according to claim 13, 23. The drag reduction method according to claim 19, 
wherein said first portion comprises perforations having a wherein said first portion comprises perforations having a 
maximum dimension of about 0.5 inch. maximum dimension of about 0.5 inch. 
18. The drag reduction method according to claim 13, 24. The drag reduction method according to claim 19, 
wherein said at least one second portion comprises perfo- 3s wherein said at least one second portion comprises perfo- 
rations having a maximum dimension of about 0.25 inch. 
2s between about 10 and 20 percent. 
rations having a maximum dimension of about 0.25 inch. 
19. A method for reducing drag of a ground vehicle 
comprising the steps o f  * * * * *  
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